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Abstract

Key

Serrated lesions of the colorectum are the precursors of perhaps one-third of colorectal cancers.
Cancers arising in serrated lesions are usually in the proximal colon, and account for a
disproportionate fraction of cancer identified after colonoscopy.

We sought to provide guidance for the clinical management of serrated colorectal lesions based on
current evidence and expert opinion regarding definitions, classification and significance of
serrated lesions. A consensus conference was held over 2 days reviewing the topic of serrated
lesions from the perspectives of histology, molecular biology, epidemiology, clinical aspects, and
serrated polyposis.

Serrated lesions should be classified pathologically according to World Health Organization
criteria as hyperplastic polyps, sessile serrated adenoma/polyp (SSA/P) with or without
cytological dysplasia, or traditional serrated adenoma (TSA). SSA/P and TSA are premaligant
lesions, but SSA/P is the principle serrated precursor of colorectal cancers.

Serrated lesions have a distinct endoscopic appearance, and several lines of evidence suggest that
on average they are more difficult to detect than conventional adenomatous polyps. Effective
colonoscopy requires an endoscopist trained in the endoscopic appearance of serrated lesions. We
recommend that all serrated lesions proximal to the sigmoid colon and all serrated lesions in the
rectosigmoid > 5 mm in size, be completely removed. Recommendations are made for post-
polypectomy surveillance of serrated lesions and for surveillance of serrated polyposis patients
and their relatives.

words
serrated lesions; colon; rectum; colonoscopy; colorectal polyps; colorectal cancer

Introduction

Serrated lesions of the colorectum are characterized histologically by a serrated (or
sawtoothed) appearance of the crypt epithelium (Figure 1a—c). Thirty years ago serrated
lesions were called “hyperplastic” polyps and were thought to have no malignant potential
(1). Since then a subset of serrated lesions has been established as the precursors of a group
of colorectal cancers (CRCs) that exhibit hypermethylation and arise primarily in the
proximal colon, and which may account for one-third of all CRCs (2-11). Subtypes of
serrated lesions (Table 1) have different molecular profiles and variable potential to develop
into CRC (12-19).

The purposes of this consensus report are to summarize the pathologic, molecular, and
endoscopic features of serrated lesions, to increase awareness of the threat posed by these
lesions, to describe the endoscopic appearance of these lesions, to stress the importance of
accurate detection and complete excision, and to provide recommendations regarding post-
resection management. Table 2 summarizes the key concepts and recommendations in this
article.
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This statement is the result of a two day consensus meeting held in Cleveland in 2010 and
sponsored by the National Institutes of Health. The panel members were chosen for their
expertise in endoscopy, surgery, pathology, epidemiology, and/or molecular aspects of
serrated lesions and/or serrated polyposis. In preparation of this report a literature review
was conducted in MEDLINE, 1996 to October, 2011, using the terms hyperplastic polyp,
serrated polyp, serrated adenoma, serrated cancer, hyperplastic polyposis syndrome, serrated
polyposis syndrome, microsatellite instability, CpG Island Methylator phenotype, and
hypermethylation.

The recommendations presented here generally and necessarily reflect expert consensus
opinion, as the levels of evidence available to support recommendations are of low or very
low quality (20). The review and recommendations reported here were not commissioned,
reviewed, or endorsed by the American College of Gastroenterology.

Pathology of serrated lesions

Overview

Serrated lesions of the colorectum are currently classified by the WHO into three general
categories (19) (Table 1). The rationale for the terminology in Table 1 has been described
previously (11, 21). The terms “sessile serrated adenoma” and “sessile serrated polyp” are
considered synonyms, and both are acceptable.

In general, the subtypes of serrated lesions are identified by cytological and architectural
features and by the location and extent of the proliferative zone (14, 21) as described below.
The specific causes of the cytological, architectural, and proliferative alterations are not
known, but they are presumed to result from epigenetic alterations in genes responsible for
cell proliferation and differentiation (caused by hypermethylation of promoter DNA), as
well as genetic changes such as mutations in BRAF.

Hyperplastic polyps

HPs are characterized by the presence of straight crypts which extend symmetrically from
the surface of the polyp to the muscularis mucosae without significant distortion (Figure 1a—
c). The crypts are typically wider at the polyp surface compared to the base, and do not show
horizontal or irregular branching (Figure 1a—c). Similarly, the degree of “serration” is more
pronounced in the upper half and surface of the polyps than at the base. Depending on the
subtype (see below), the epithelium may be lined with a variety of cell types including
microvesicular mucinous cells, goblet cells and undifferentiated cells. Neuroendocrine cells
are often prominent at the base of the polyp. In general, mitoses are confined to the basal
half of the polyp. In many cases, the basement membrane underneath the surface epithelium
is thickened as well. Only minimal cytological atypia is present in HPs. The cells show
small oval or slightly elongated nuclei, without stratification or hyperchromaticity. It is
important to consider overall architecture, since cytological atypia without significant
architectural changes may be due to regenerative changes in an inflamed hyperplastic polyp.

HPs can be subdivided histologically into microvesicular (MVHP), goblet cell (GCHP), and
mucin poor (MPHP) types based on the characteristics of lining epithelium. MPHPs are rare,
and little is known about their molecular features or natural history. MVHPs and GCHPs are
well characterized and display considerable differences in molecular and histologic features
as well as anatomic distribution within the colon. Although we describe the pathologic
features of these HP subtypes, any clinical importance of the distinctions is currently
uncertain.
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MVHPs are characterized by the presence of small droplet (“microvesicular”) mucin within
the cytoplasm of most cells. Scattered goblet cells are common as well (Figure 1a). MVHPs
are located predominantly in the left colon, although 10-15% occur in the transverse and
right colon. Multiple MVVHPs are common, particularly in the rectum.

In contrast to MVVHPs, GCHPs are characterized by the nearly exclusive presence of goblet
cells (Figure 1b). Cells with microvesicular mucin are not present. Compared to MVHPs,
GCHPs show few or no luminal serrations. Although the proliferative zone remains located
in the basal portion of the crypts, it is often limited to only a few cells. GCHPs are also more
common in the left colon (*90%), and are typically very small (< 0.5 cm).

MPHPs show little or no cytoplasmic mucin. They have a luminal serration pattern similar
to MVHPs, but also reveal increased nuclear atypia in the form of large, round,
hyperchromatic nuclei, but without pseudostratification (Figure 1c). One theory is that
MPHPs represent injured MVVHPs with inflammation and reactive epithelial changes.

Sessile serrated adenoma/polyp

SSA/Ps are characterized by the presence of a disorganized and distorted crypt growth
pattern which is usually easily identifiable upon low power microscopic examination (14,
21) (Figure 2a). Crypts, particularly at the basal portion of the polyp, may appear dilated
and/or branched, particularly in the horizontal plane, which leads to the formation of “boot,”
“L,” or “anchor”-shaped crypts (Figure 2a). The basal half of the crypts often contain
excessive (“hyper”) serration and mature goblet cells and mucinous cells. Upon Ki67
staining (a stain for proliferating cells), positive cells may be located anywhere in the crypt
from the base to the surface, and often in an irregular and asymmetric pattern (21). Other
common cytological features include various degrees of nuclear atypia (e.g., cells with open
nuclei and prominent small nucleoli), dystrophic goblet cells, and an absence of
neuroendocrine cells. Foci of cells with elongated penicillate nuclei and eosinophilic
cytoplasm that are reminiscent of cells seen in TSAs (see below) may be present. SSA/Ps
often produce excessive extracellular mucin, and it is not unusual to see mucin fill the lumen
of dilated crypts and coat the surface of the polyp. Some SSA/Ps show prominent lipoma-
like adipose tissue in the submucosa, but it is unclear if this phenomenon represents a
chance association of SSA/P with a submucosal lipoma or some form of epithelial-
mesenchymal interaction. Herniation of crypts through the muscularis mucosae, giving rise
to a “pseudoinvasive” or “inverted” growth pattern, is not unusual, but the pathogenesis of
this finding is unknown. Pseudoinvasion can also be seen in hyperplastic polyps and
therefore, while more common in SSA/Ps, is not pathognomonic of SSA/P.

Differential Diagnosis: Microvesicular Hyperplastic Polyp (MVHP) vs Sessile Serrated
Adenoma (SSA/P)

Serrated lesions may show MVHP pathology in one area and SSA/P morphology, such as
dilated and irregular crypts, in another. These lesions have been sometimes interpreted as
evidence of progression of MVHP to SSA/P, but MVVHP-like features could simply be part
of the histologic spectrum of SSA/P. A difficult and unresolved diagnostic problem relates
to polyps that show nearly exclusive MVVHP morphology, but in addition show only a few
(or even just one), irregular, hyperdilated and distorted crypts of the type seen in SSA/P.
Unfortunately, the minimum criteria necessary to establish a diagnosis of an SSA/P have not
been set. We recommend that the presence of at least one unequivocal architecturally
distorted, dilated, and/or horizontally branched crypt, particularly if it is associated with
inverted maturation, is sufficient for a diagnosis of SSA/P. In clinical practice there is
substantial interobsever variation among pathologists in the differentiation of SSA/P from
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HP, and agreement between pathologists is moderate at best, including between expert
pathologists (22-24).

Sessile serrated adenoma/polyp (SSA/P) with cytological dysplasia

Recent data suggest that SSA/P with foci of conventional (tubular or tubulovillous)
adenoma-like dysplasia represent progression towards carcinoma. Preliminary evidence
indicates that a substantial portion of these lesions demonstrate inactivation of the mismatch
repair gene MLHI, and the dysplastic areas often demonstrate microsatellite instability (25).
Such lesions were previously reported in the literature as “mixed hyperplastic/adenomatous
polyps”. The term “mixed polyp” is discouraged because it doesn’t convey the concept that
combined features represent progression of an SSA/P towards carcinoma, and that the
cytologically dysplastic portion has different molecular characteristics from conventional
adenomas.

Histologically, SSA/Ps with conventional adenoma-like dysplasia usually show a portion of
the polyp with typical SSA/P morphology and another with an abrupt transition to
cytologically dysplastic areas (Figure 2b). Conventional adenoma-like dysplastic areas are
characterized by the presence of elongated cells with penicillate and hyperchromatic
pseudostratified nuclei, amphophilic cytoplasm, and increased mitoses. The dysplastic areas
look similar to a conventional tubular or tubulovillous adenoma cytologically. Although
areas of conventional adenomatous dysplasia may show a range of cytological atypia with
features similar to “low-grade” or “high-grade” dysplasia in a conventional adenoma, the
significance of the grade of dysplasia in SSA/P has not been evaluated. We recommend that
SSA/P with any conventional cytological dysplasia be considered an “advanced” polyp with
clinical significance similar to high-grade dysplasia in conventional adenomas.

Although poorly studied, another form of “dysplasia” may rarely be seen in SSA/P, which is
referred to here as “serrated dysplasia” (19). Some cases may show a proliferation of
atypical cells that are more cuboidal in shape, have eosinophilic cytoplasm, enlarged round
nuclei with open vesicular prominent chromatin, and prominent nucleoli in addition to
increased mitoses. Although not particularly serrated in its architectural growth pattern due
to the presence of prominent eosinophilic cytoplasm, some experts believe that serrated
dysplasia is also a histologic biomarker of neoplasia progression (19).

Traditional serrated adenoma

Histologically, TSAs often show a complex and distorted tubulovillous or villous
(“filiform™) configuration (Figure 3). In many cases, the villi are elongated with bulbous
tips, and have been termed filiform TSAs (26). A recent study described a characteristic
pattern of budding of proliferative crypts situated perpendicular to the long axis of filiform
or villous structures of TSAs (ectopic crypt formation) (21). The authors suggested that this
phenomenon is related to loss of (normal) anchorage of crypts to the underlying muscularis
mucosae. It is the most characteristic histologic feature of this type of polyp. The
predominant cell in TSA has abundant eosinophilic cytoplasm and a basal or centrally
placed slightly elongated nucleus with an open/even chromatin pattern. The epithelium is
usually pseudostratified but shows little if any proliferative activity and is often interpreted
as a form of dysplasia. There is some controversy as to whether this epithelium represents a
type of “metaplasia” or “senescence” rather than true dysplasia since it differs from the more
cytologically atypical and proliferative appearance of dysplastic epithelium in conventional
adenomas. Although a prominent and characteristic feature of TSAs, this type of
eosinophilic epithelium may also be present in SSA/P with or without conventional
adenoma-like cytological dysplasia. Goblet cells may also be a component of serrated crypts
in TSA, and in some cases are prominent.
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Both conventional adenoma-like dysplasia and serrated dysplasia can be observed in TSA.
With neoplastic progression, it is believed that TSAs acquire increasing degrees of
cytological atypia prior to the development of carcinoma. However, there is no consensus on
identification and grading of dysplasia in TSA. Until agreement is reached, conventional
adenoma-like dysplasia should be graded similarly to the way it is graded in conventional
adenomas (high-grade vs. low-grade). A recent study showed that 25% of TSAs from Korea
had changes described as high grade dysplasia and 8% showed intramucosal
adenocarcinoma (27). High-grade serrated dysplasia shows cells with strongly eosinophilic
cytoplasm, but in contrast to the eosinophilic epithelium characteristic of many TSAs, these
eosinophilic cells show increased size of the nuclei, hyperchromaticity, stratification, and
increased mitotic activity. The luminal serrated growth pattern is often more exaggerated,
complex, and distorted than typical TSAs. Some cases may show a mixture of both types of
dysplasia (both serrated and conventional adenoma-like) within the same polyp or even
within the same crypt/villous unit. The risk of malignancy in TSA, and the rapidity of
progression to carcinoma, is unknown.

As discussed in the molecular section of this article, there is a greater heterogeneity in the
molecular profile of TSA compared to SSA/P. This may be partly due to inconsistency in
the diagnostic criteria used for this lesion.

Unclassifiable serrated polyps

Some “serrated” lesions may be difficult to classify into one of the above discrete categories.
Aside from histologic difficulties due to overlapping features, logistical factors such as poor
orientation of specimens, poor staining, severe cautery artifact, or insufficient tissue may
impede the ability to establish a precise diagnosis. In such cases, the term “serrated polyp
unclassified” is acceptable. However, pathologists should make their best attempt to
determine whether dysplasia is present, even when the diagnosis is difficult.

Conventional tubular, tubulovillous, or villous adenomas may occasionally show areas with
a serrated growth pattern. Unfortunately, the biological significance of these polyps has not
been studied. They are generally distinguished from other types of serrated polyps by the
absence of areas of SSA/P or TSA morphology. The term “conventional adenoma (tubular,
tubulovillous, villous) with a serrated growth pattern” is an acceptable term for these lesions.
A recent study identified a distinctive group of conventional adenomas that met the above
criteria and additionally exhibited cystic glands and bright cytoplasmic eosinophilia (28).
The authors reported these lesions to be KRAS and BRAFwild type and CIMP-low. In that
study, polyps were found in patients with at least one synchronous SSA/P.

Molecular features of the serrated pathway of carcinogenesis

Every colorectal cancer has a unique molecular profile (29). However, there are at least
three general molecular mechanisms by which genetic and epigenetic events can lead to
CRC: chromosomal instability (CIN), defective DNA mismatch repair leading to
microsatellite instability (MSI), and epigenetic DNA promoter hypermethylation leading to
the CpG island methylator phenotype (CIMP). Although there can be overlap of these
mechanisms within any single cancer, the dominant mechanism has distinct clinical
associations including the type of benign precursor lesion. The epigenetic CIMP pathway is
considered to be the major mechanism driving the serrated pathway to CRC.

Serrated polyp-carcinoma sequence: the epigenetic (hypermethylator) mechanism

This mechanism of colorectal carcinogenesis is based on abnormal promoter CpG island
hypermethylation (29-36). Methylation of CpG islands within promoter regions of genes is
a normal way of reducing gene expression. More methylation means less expression, and if
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the gene being silenced is a tumor suppressor gene, then loss of function may facilitate
carcinogenesis. The extent of promoter CpG island hypermethylation in neoplasms varies
considerably. Hypermethylation of some genes occurs in most CRCs, but it is the global
nature of the methylation that distinguishes the subset of tumors labeled “CIMP-high.”
CIMP-high can be detected in tumors by screening a panel of genes for the degree of
methylation (30).

Silencing a gene through promoter hypermethylation is an “epigenetic” rather than a genetic
event since it does not involve an alteration in DNA sequence. Clinical associations with
CIMP-high CRCs include older age, female sex, and proximal tumor location (31).

Some CIMP-high CRCs resemble Lynch-associated CRCs in that they have loss of DNA
mismatch repair capability, evidenced by the presence of MSI. In these tumors, mismatch
repair function is lost by promoter hypermethylation of MLH1 (one of several genes
required for DNA mismatch repair) rather than by a germline mutation as occurs in Lynch
syndrome. These sporadic MSI CRCs also have CIMP, and account for about 15% of all
colon cancers and 4% of rectal cancers (29, 31). BRAF mutations are strongly associated
with CIMP-high CRCs where they act as an alternative to the KRAS mutations that occur
commonly in CIN cancers (35-38).

Recognition of these three broad molecular mechanisms underlying CRC (CIN, MSI, and
CIMP) provides molecular tools with which to identify their respective precursor lesions
(Table 3). Many studies have shown common molecular features between benign serrated
lesions and CIMP-high CRCs (39-44). Some HPs and most SSA/Ps have BRAF mutations
and are CIMP-high, and SSA/Ps with cytological dysplasia frequently have MLH1
hypermethylation and MSI in their dysplastic foci. Although some conventional adenomas
are CIMP-high (45, 46), it is less common than in SSA/Ps and conventional adenomas do
not have BRAF mutations or MSI.

The association of molecular markers with the histologic subtypes of benign serrated lesions
and CIMP-high tumors has led to the proposal of an HP — SSA/P — SSA/P with
cytological dysplasia — cancer sequence (Figure 4). This sequence occurs most commonly
in the proximal colon, though recent evidence indicates a progressive increase in CIMP-
high, MSI-high, and BRAF mutations in each colon segment from rectum through ascending
colon, suggesting that risk for CIMP-high tumors increases proximally in a continuous
rather than dichotomous (colon divided at the splenic flexure) fashion (47).

TSAs are much less common than SSA/Ps, so there are fewer data on their molecular profile
(16, 48). TSAs appear to be more molecularly diverse than SSA/Ps in that they may have
either KRAS or BRAF mutations or neither, and either low or high levels of CIMP. TSAs
typically do not show hypermethylation of MLHI or develop MSI, but they do commonly
have hypermethylation of the DNA repair gene MGMT (O6-methylguanine-DNA
methyltransferase) (49). MGMT promoter methylation has been associated with both CIMP-
low and -high CRCs (50). Since some HPs do share molecular features of TSAs (KRAS
mutations and CIMP) (Table 3), it has been suggested that the TSA pathway could diverge
from the SSA pathway on the basis of KRASvs BRAF mutations and/or MLHIvs MGMT
hypermethylation within subsets of HPs. However, a definite precursor of TSA has not been
established.

Epidemiology of serrated lesions

Knowledge of the epidemiology of serrated lesions is primarily derived from studies of
“hyperplastic” polyps prior to the recognition of the three subtypes described above.
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Autopsy studies demonstrate variable prevalence rates of serrated lesions but collectively
indicate that 25-50% of white adults have one or more serrated lesions (51-58).
Colonoscopic studies show similarly variable but lower prevalence rates (59-64). The
overall prevalence of serrated lesions increases only slightly with age during adulthood (51—
61) in contrast to conventional adenomas which increase sharply with age (51, 54, 58).
Hyperplastic polyps are more common in men in some (51, 52, 54, 57, 58, 61, 65) but not all
studies (59, 66, 67). Overall, serrated lesions are most common in the sigmoid colon and
rectum (51-55, 66, 67), but the distribution varies by histological subtype. HPs account for
70-95% of all serrated lesions and are predominantly left-sided (66—70). SSA/Ps comprise
5-25% of serrated lesions and are predominately right sided (66—74). TSAs are much less
common than SSA/Ps. In clinical studies the prevalence of SSA/Ps is generally less than 2%
(72, 73).

for serrated lesions

Distal serrated lesions are associated with cigarette smoking (61-63, 65, 75-77). Alcohol
intake (59, 61, 75, 78, 79), fiber intake (75, 79), calcium intake (60, 78, 79), NSAID use (60,
75, 79), family history of colorectal cancer (59, 60, 65, 78, 79), and high body mass index
(54, 55, 59, 75, 79) have had inconsistent associations with distal serrated lesions (60, 61,
75, 78, 79). Physical activity has been inversely associated with risk (79), at least in men
(75), and folate intake has also been inversely associated with the risk of distal serrated
lesions (78). There are scant epidemiological data regarding right-sided serrated polyps, but
cigarette smoking has been associated with proximal (77, 80, 81) as well as distal (82)
serrated lesions, and with an overall higher risk of SSA/Ps and large SSA/Ps (83).

between serrated lesions and adenomas

Autopsy studies show a correlation between numbers of adenomas and serrated lesions,
although with different anatomic distributions for the two types of lesions (51, 54-56, 58).
One endoscopic series reported no association between the presence of adenomas and
serrated lesions (84). At most there is a modest association between distal serrated lesions
and proximal adenomas (85). Individuals with SSA/P tend to harbor synchronous adenomas
(67-70, 73), HPs (73), and other SSA/Ps (69). Both large and/or proximal serrated lesions
have been associated with an increased risk of synchronous advanced conventional
neoplasia (81), and advanced neoplasia has been associated with the presence of large
serrated lesions (86, 87). Individuals with both SSA/Ps and conventional adenomas are
older, harbor more numerous, larger, and more dysplastic SSA/Ps and conventional
adenomas compared to individuals with only SSA/Ps or conventional adenomas (88). Any
association between HPs and adenomas in Lynch syndrome has been inconsistent (89-92).

No consistent association has emerged between serrated lesions found on colonoscopy and
subsequent adenoma risk in asymptomatic individuals (81, 93-98). Some studies have
shown serrated lesions to be associated with a higher risk of metachronous serrated lesions,
just as adenomas are associated with a higher risk of metachronous adenomas (93, 99, 100),
though patients with serrated lesions and/or adenomas can demonstrate either type of lesion
upon follow up.

between serrated lesions and cancer

Case reports describe development of colorectal cancer in serrated lesions left /n situ (101,
102). There are numerous reported cases of carcinoma with residual SSA/P (103, 104). In a
pathology series of 2416 SSA/Ps, 14% demonstrated cytological dysplasia and 1% showed
cancer (72). The mean age was 61 years in patients with SSA/P without cytological
dysplasia, 66 years in those with SSA/P with low-grade cytological dysplasia, 72 years in
those with high-grade cytological dysplasia, and 76 years in those with SSA/P with cancer.
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These findings suggested a mean interval of 15 years for progression of SSA/P without
cytological dysplasia to cancer (72).

One autopsy study noted a stronger association between serrated lesions and colorectal
cancer than between adenomas and cancer (105), which was also found in one endoscopic
study (92).

SSA/P has been associated with synchronous colorectal cancers with MSI (106). Serrated
lesions = 1 cm in size, which were likely SSA/P in most cases, were strongly associated with
synchronous cancer, particularly in the proximal colon (107). MSI-high cancers were more
likely to be accompanied by serrated lesions than microsatellite stable cancers (108). Further
studies are required to determine whether this association applies to both HP and SSA/P or
predominantly to SSA/P. In addition, synchronous colorectal cancers have higher rates of
CIMP-high, MSI, and BRAF mutation than occurs in solitary CRCs (109), suggesting that
multiplicity is associated with the serrated pathway.

SSA/P has also been associated with an increased risk of metachronous cancer. In case
series, a diagnosis of SSA/P carries more risk for subsequent cancer than a diagnosis of HP.
In one study, when 55 patients with SSA/P were followed, five (12.5%) developed cancer
during 7.2 years of follow-up compared to just one among matched controls with HP and
tubular adenoma (68). Proximal colon cancers with MSI were associated with serrated
lesions at previous colonoscopies, and increasing size of these polyps was associated with
shorter intervals between polyp and cancer diagnosis (42).

Detection of serrated lesions

The most common serrated lesion is a diminutive left-sided, pale, sessile HP (110). Some
have a translucent quality and may disappear upon air insufflation (111). Larger serrated
lesions (SSA/P) are typically similar in color to the surrounding mucosa. SSA/Ps and HPs in
the proximal colon are often covered by a tenacious mucus cap (Figure 5a). The mucus can
cause the polyps to appear yellow, green or rust-colored and appear red on narrow band
imaging (Figure 5a). Care should be taken when washing mucus off the polyp, since the
underlying lesion can be difficult to detect without it (Figure 6a—h). A recent prospective
endoscopic assessment of 158 SSA/Ps identified the mucus cap in 64% of lesions, a rim of
debris or bubbles in 52%, alteration of the contour of a fold in 37% and interruption of the
underlying mucosal vascular pattern in 32% (112).

A number of imaging techniques not usually in use in clinical practice in western countries
allow reliable differentiation of conventional adenomas from serrated lesions in real time
during colonoscopy (113). Reliable real time differentiation of HPs from SSA/Ps might not
be achievable by endoscopic techniques that image the lesion surface since the characteristic
histologic features of SSA/P are primarily in the crypt base. However, a recent study found
that a modified Kudo pit designated Type 11-O is specific but not sensitive for SSA/P and
highly associated with BRAF mutation and CIMP (114). If verified, recognition of these
structures would require magnification colonoscopy, which is rarely available in western
countries.

SSA/Ps and HPs are almost always sessile or flat. TSAs tend to be bulkier than SSA/Ps and
are occasionally pedunculated, but otherwise pedunculated serrated lesions are rare. SSA/Ps
are less discrete than adenomas with borders that can be difficult to define. Large SSA/P
may develop folds and “wrinkle” when snared, a feature that gives them the appearance of
redundant mucosa. It is likely that factors that affect colonoscopy quality and detection of
flat and depressed colon neoplasms, such as bowel preparation (115-117), withdrawal time,
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thoroughness of examination, polypectomy technique, and perceptual and personality
attributes, will apply to SSA/Ps as well (118).

Detection rates of “serrated” lesions vary dramatically between endoscopists, indicating that
these lesions are significantly under-diagnosed in clinical practice (73, 119). In one study
(73), the endoscopy and pathology reports from all average risk-screening colonoscopies at
an urban academic medical center over a 3-year period were reviewed. Detection of
conventional adenomas varied significantly among endoscopists (from 13.5 to 38.4% (p <
0.001)). Detection of HPs (7.7 to 31%, p < 0.001) and SSA/Ps (0 to 2.2%, p = 0.02) also
varied significantly. Similar trends were observed for the subset of conventional adenomas,
HPs, and SSA/Ps that were located in the proximal colon. In another study (119) that
focused on the prevalence and detection rates of serrated polyps of all subtypes located
proximal to the splenic flexure, the proportion of colonoscopies with at least one proximal
serrated polyp ranged from 1% to 18%, and the detection rates per colonoscopy ranged from
0.01 to 0.26. There was a strong correlation between adenoma detection rates and proximal
serrated lesion detection rates. Logistic regression showed that the endoscopist was a more
powerful predictor than patient age or gender for proximal serrated lesion detection. These
two studies suggest that the true prevalence of serrated lesions is likely to be higher than
previously reported and show that serrated lesion detection is highly variable and operator-
dependent. Miss rates for serrated lesions have not been specifically measured in tandem
colonoscopy studies (120), but the range of detection rates described thus far indicates that
substantial numbers of endoscopists miss more than half of the serrated lesions in the
proximal colon (73, 119). Recent guidelines on the technical performance of colonoscopy
have recommended thresholds for adenoma detection by individual endoscopists, but have
not made separate recommendations for detection rates of serrated lesions (121, 122).
However, three studies suggest a strong correlation between detection of adenomas and
serrated lesions by individual endoscopists (73, 119, 123).

Adjunctive imaging methods such as chromoendoscopy, electronic chromoendoscopy
(narrow band imaging, etc.), and autofluorescence have generally not been investigated for
their value in specifically improving the detection of serrated lesions.

Table 4 summarizes the major endoscopic and clinical features of serrated lesions.

Recommendations regarding removal of serrated lesions

We recommend complete removal of all serrated lesions, except for diminutive sigmoid or
rectal lesions. Multiple diminutive (< 5 mm) serrated-appearing lesions in the rectum and/or
sigmoid should be randomly sampled for histology, but complete resection of all diminutive
rectosigmoid serrated lesions is unnecessary. Almost all serrated lesions can be excised
endoscopically, and the principles of resection are similar to those governing removal of
adenomas.

Three issues that can make endoscopic resection of serrated lesions difficult are shared with
adenomas: size, shape and location. Large, flat lesions are challenging to remove regardless
of histology. Lesions surrounding the appendiceal orifice or in the ileocecal valve orifice
may not be endoscopically removable. At least one issue making complete polypectomy
difficult is relatively specific to serrated lesions: identifying the border of the lesion.
Although the surface structure of serrated lesions is different from normal mucosa the true
edges of serrated lesions can be difficult to identify. Complete endoscopic resection is
important and use of a high definition colonoscope, an electronic highlighting technique
(e.g., narrow band imaging), surface dye-spraying, and/or submucosal injection of fluid
containing a contrast agent (e.g., methylene blue or indocyanine green) can assist in
identifying the lesion perimeter.
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Serrated lesions smaller than 1 cm can be resected with or without electrocautery. For all but
the tiniest lesions, cold snaring is more efficient and effective than piecemeal resection using
cold forceps (124). Cold snaring should include a narrow margin of normal mucosa around
the perimeter of the lesion. When electrocautery is used, inclusion of a rim of normal
mucosa is not strictly necessary, but is probably safe when submucosal fluid has been
injected and likely helps to ensure complete excision.

Large serrated lesions (most likely to be SSA/P) may actually be easier to snare than large
adenomas. This is because an SSA/P is generally less attached to the underlying submucosa
and can be drawn into the snare more easily. Submucosal injection of these lesions
sometimes makes resection more rather than less difficult by preventing the mucosal
wrinkling that facilitates snaring. There is no evidence that resection of large serrated lesions
is associated with an increased risk of complications despite their flat profile and proximal
location, and there may be a reduced incidence of post-polypectomy bleeding (71).
Piecemeal resection and application of argon plasma coagulation to destroy residual tissue
that cannot be snared are appropriate techniques, but of course, the endoscopic approach to
large serrated lesions will depend on lesion size, shape and location, as well as patient age
and comorbidities, and the experience and judgment of the endoscopist. When piecemeal
technique is used for large serrated lesions, another colonoscopy at 3 to 6 months is
recommended to check for completeness of excision. In challenging cases, referral to a more
experienced therapeutic colonoscopist should be considered.

Surgical resection of colon containing a serrated lesion is rarely necessary (71), but is
appropriate when a serrated lesion cannot be endoscopically excised. Surgical resection may
also be indicated when there are numerous large serrated lesions in the proximal colon.

Serrated polyposis syndrome

Serrated polyposis syndrome (SPS) (formerly hyperplastic polyposis syndrome) is
characterized by multiple serrated (typically SSA/Ps and/or HPs) colorectal polyps. Recently
updated WHO criteria define the syndrome by any one of the following conditions: (1) at
least five serrated polyps proximal to the sigmoid colon with two or more of these being >
10 mm; (2) any number of serrated polyps proximal to the sigmoid colon in an individual
who has a first-degree relative with SPS or (3) > 20 serrated polyps of any size, distributed
throughout the colon (125). However, this definition is arbitrary and cannot be validated
without a genotype, and no definitive gene mutation has yet been identified to correlate with
the phenotype.

There is substantial phenotypic diversity (125) and it is possible that several different but
related conditions may be part of SPS. SPS has near equal gender distribution (126-128),
with median age at diagnosis of 44 to 62 years, and range 10-90 years (126-128). Serrated
lesions in SPS are sessile polyps or flat lesions. Typically, most are < 1 cm in size, and
polyps > 1 cm are more often located in the proximal colon. Patients often have one or more
synchronous adenomas (126-128).

SPS demonstrates hallmarks of a genetic disease, including multiple lesions, younger age of
onset of lesions, family history of neoplasia, as well as restricted ethnicity in some studies
(129, 130), but most cases are sporadic. The polyposis is an indication of a “methylator
milieu” existing in the mucosa (131) and acquired either by inheritance or by exposure to as
yet unknown environmental agents.

The exact risk of CRC in SPS is unknown. Case series have reported up to 25% to 50% rates
of synchronous cancer at diagnosis (126-128, 132-138). A retrospective study found a
cumulative risk of CRC of 7% at 5 years in patients under surveillance (126). These
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estimates are subject to ascertainment bias, however, and the risk estimates are likely to be
inflated.

Surgery is generally indicated in SPS when CRC is diagnosed or when the size and/or
number of polyps makes endoscopic control not feasible. Surgery for patients with SPS
should include resection of any segment with cancer and at least those segments with large
polyps. Extended right hemicolectomy and subtotal colectomy are the most common
operations. Annual endoscopic surveillance of any residual colon and rectum is appropriate.
When long-term endoscopic management is attempted, annual colonoscopy should be
performed with intent to clear the proximal colon of all serrated lesions, or all serrated
lesions = 5 mm in size if there are numerous diminutive lesions. The surveillance interval
and/or the management strategy can be altered if subsequent examinations reveal
progressive control or loss of control of the polyp burden.

Nearly half of SPS patients have a family history of CRC (128, 132), and one study reported
an elevated relative risk of CRC in first-degree relatives of patients with SPS of 5.4 (139). It
is recommended that screening colonoscopy be performed in first degree relatives aged = 40
years, or beginning at an age 10 years younger than the age at diagnosis of the youngest
affected relative. Colonoscopy is recommended at 5 year intervals, or more frequently if
polyps are found.

Post-polypectomy surveillance of patients with serrated lesions

Post-polypectomy surveillance guidelines in the United States and Great Britain make
recommendations for patients with adenomas based on observational studies that link
baseline colonoscopy adenoma findings to the risk of an advanced adenoma at follow-up
(140, 141). There are few such data available for serrated lesions (81, 93, 99, 142), but the
strong association of serrated lesions with CIMP-high CRCs has led to calls for specific
post-polypectomy surveillance guidelines for patients with SSA/Ps. Several authors have
already made suggestions in this area (13, 17, 143-145). Recommendations for surveillance
are made here, but considering the paucity of post-polypectomy observational studies
addressing follow-up of serrated lesions, the recommendations reflect consensus expert
opinion. The recommendations are based on the principles presented in Figure 7, and the
collective approaches to serrated lesions of the panel members.

Major limitations of colonoscopy as a tool for preventing CRC include variable lesion
detection rates (146-150) and variability in efficacy of polypectomy (151). When the rate of
missed or persistent lesions varies significantly between endoscopists, it is difficult to make
surveillance guidelines that protect all patients. While this applies to adenomas as much as
to serrated lesions, cancers developing after colonoscopy are more likely to be right-sided,
MSI-high and CIMP-high, suggesting that missed serrated lesions may be a major reason for
the relative failure of colonoscopy to protect against right-sided colon cancers (152, 153).
Thus, the first concern of colonoscopists should be effective polyp detection and resection.
Because there are data describing standards for adenoma detection rate (ADR), and because
ADR correlates with serrated lesion detection in some studies (73, 119), colonoscopists
should know their ADR. If this is substandard (< 25% in average risk men over 50 years
having screening colonoscopy, < 15% for average risk women over 50 years) (121),
technique and or lesion recognition skills should be improved to bring the ADR into
acceptable range. No recommendation for a detection threshold of serrated lesions is made
here, but this issue is being actively studied. Available data indicate that miss rates and
variability in detection are greater for serrated lesions than for adenomas (73, 119).

Figure 7 presents the conceptual framework that underlies the risk stratification scheme
presented in Table 5. Much of this framework and its basis in the literature in discussed
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elsewhere in this paper. As noted above, the specific recommendations for interval follow-
up in Table 5 reflect consensus expert opinion rather than a substantial evidence base. As
post-polypectomy surveillance studies of serrated lesions become more available, evidence
based guidelines will be developed that will supersede such recommendations.

Accurate characterization of the number, size and location of lesions is dependent on the
endoscopist. Accurate characterization of histology is dependent on the pathologist. This
paper emphasizes the importance of effective detection and resection and also provides
pathologic criteria for the distinction between HP and SSA/P. Endoscopists and pathologists
should share this information and work cooperatively to improve care in their institution, but
clinicians should consider use of the SSA/P recommendation when proximal serrated lesions
> 1 cm in size are interpreted as HPs, as there is likely substantial variation between
pathologists in this regard. Endoscopy findings may be critical for interpretation of
histological findings and should be available to pathologists.

Given the paucity of observational studies after endoscopic resection of serrated lesions (81,
93, 99, 142), we sought other evidence to guide surveillance recommendations. We
identified several rationales for establishing relatively aggressive surveillance
recommendations (Table 5) following resection of serrated lesions pending availability of
additional observational studies. First, interval cancers (cancers occurring after colonoscopy)
are more likely to be right-sided, MSI-high and CIMP-high (152, 153). Given that
colonoscopy is less effective in preventing proximal than distal cancers (146, 147, 154, 155),
these data suggest that serrated lesions (and failure to detect serrated lesions) are an
important contributor to failure of colonoscopy to prevent colorectal cancer. Second, initial
studies have found that variability in detection of serrated lesions in the proximal colon is
greater (73, 119) than has been reported for adenomas (149, 150), supporting a rationale for
relatively close intervals to compensate for increased missing of serrated lesions. Third,
there are insufficient data on the effectiveness of endoscopic resection of serrated lesions.
However, the very flat shape of many SSA/Ps, combined with the indiscrete borders of these
lesions, raises concerns that incomplete resection of serrated lesions may be an important
clinical problem. These factors combine to create a tendency toward aggressive
recommendations after resection of serrated lesions. However, aggressive post-polypectomy
surveillance is acknowledged as a poor replacement for endoscopists who are well trained in
lesion recognition, examine the colon carefully, and resect pre-cancerous lesions completely.

Recommendations for post-polypectomy surveillance of patients with serrated lesions are
subject to modification based on physician judgment. If multiple types of serrated lesions
are present, the shortest recommended interval should be considered. Subsequent
colonoscopies that identify no lesions or serrated lesions that are fewer in number, smaller,
etc., can be followed by expansion of the interval. When synchronous serrated lesions and
conventional adenomas are present, opting for the shorter interval that would be appropriate
based on either type of lesion is acceptable or further shortening the interval based on
number of lesions of both types may be appropriate.

Serrated lesions should be classified as hyperplastic polyp, sessile serrated adenoma/polyp
(SSA/P) with or without cytological dysplasia, or traditional serrated adenoma (TSA). SSA/
P is located primarily in the proximal colon, and is an important precursor of colorectal
cancers. Cancers arising through the serrated pathway are typically CIMP-high, demonstrate
BRAF mutations, and may demonstrate MSI.

It has been recently proposed that the colorectum biologically represents a continuum, rather
than a two-sided tube with a sharp border at splenic flexure (47, 156). Evidence suggests
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that cecum may be a separate place from the other colorectal subsites, with a high frequency
of KRAS mutations in cecal cancers (47). Future research on serrated and other precursor
lesions needs more collaboration and adequate sample sizes to address biological, microbial,
and microenvironmental heterogeneity in detailed colorectal subsites.

SSA/Ps are flat or sessile with a distinct endoscopic appearance that is often quite subtle.
Effective colonoscopy requires understanding of the typical appearance of serrated lesions,
followed by accurate identification of these lesions. All serrated lesions proximal to the
sigmoid and rectosigmoid lesions > 5mm in size should be fully resected.

Recommendations for colonoscopy surveillance intervals must currently be based on
features of serrated lesions that are associated with advanced neoplasia including
synchronous and metachronous colorectal cancer. These features include proximal colon
location of serrated lesions, increasing number and larger size of serrated lesions, and SSA/P
or TSA histology.

Acknowledgments

Funding: This work was supported by a Grant from the National Cancer Institute and by the Sanford R. Weiss
Center for Hereditary Colorectal Neoplasia at the Cleveland Clinic.

References

1. Lane N. The precursor tissue of ordinary large bowel cancer. Cancer Res. 1976; 36(7 PT 2):2669—
72. [PubMed: 1277173]

2. Sumner HW, Wasserman NF, McClain CJ. Giant hyperplastic polyposis of the colon. Dig Dis Sci.
1981; 26(1):85-9. [PubMed: 7460710]

3. Cooper HS, Patchefsky AS, Marks G. Adenomatous and carcinomatous changes within hyperplastic
colonic epithelium. Dis Colon Rectum. 1979; 22(3):152-6. [PubMed: 446245]

4. Urbanski SJ, Kossakowska AE, Marcon N, Bruce WR. Mixed hyperplastic adenomatous polyps--an
underdiagnosed entity. Report of a case of adenocarcinoma arising within a mixed hyperplastic
adenomatous polyp. Am J Surg Pathol. 1984; 8(7):551-6. [PubMed: 6742315]

5. Franzin G, Zamboni G, Scarpa A, Dina R, lannucci A, Novelli P. Hyperplastic (metaplastic) polyps
of the colon: a histologic and histochemical study. American Journal of Surgical Pathology. 1984;
8:687-98. [PubMed: 6476197]
6. Jass JR. Metaplastic polyps and polyposis of the colorectum. Histopathology. 1980; 4(5):579.
[PubMed: 7429436]
7. Jass JR. Relation between metaplastic polyp and carcinoma of the colorectum. Lancet. 1983;
1(8314-5):28-30. [PubMed: 6129371]
8. Fenoglio-Preiser CM. Hyperplastic polyps, adenomatous polyps, and mixed hyperplastic
adenomatous polyps of the colon: definitions. Prog Clin Biol Res. 1988; 279:3-12. [PubMed:
3054926]
9. Longacre TA, Fenoglio-Preiser CM. Mixed hyperplastic adenomatous polyps/serrated adenomas. A
distinct form of colorectal neoplasia. Am J Surg Pathol. 1990; 14(6):524-37. [PubMed: 2186644]
10. Torlakovic E, Snover DC. Serrated adenomatous polyposis in humans. Gastroenterology. 1996;
110(3):748-55. [PubMed: 8608884]

11. Torlakovic E, Skovlund E, Snover DC, Torlakovic G, Nesland JM. Morphologic reappraisal of
serrated colorectal polyps. Am J Surg Pathol. 2003; 27(1):65-81. [PubMed: 12502929]

12. Montgomery E. Serrated colorectal polyps: emerging evidence suggests the need for a reappraisal.
Adv Anat Pathol. 2004; 11(3):143-9. [PubMed: 15096728]

13. Snover D, Jass JR, Fenoglio-Preiser C, et al. Serrated polyps of the large intestine: a morphologic
and molecular review of an evolving concept. Am J Clin Pathol. 2005; 124:380-91. [PubMed:
16191506]

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rex et al.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Page 15

East JE, Saunders BP, Jass JR. Sporadic and syndromic hyperplastic polyps and serrated adenomas
of the colon: classification, molecular genetics, natural history, and clinical management.
Gastroenterol Clin North Am. 2008; 37(1):25-46. [PubMed: 18313538]

Noffsinger AE, Hart J. Serrated adenoma: a distinct form of non-polypoid colorectal neoplasia?
Gastrointest Endosc Clin N Am. 2010; 20(3):543-63. [PubMed: 20656251]

Leggett B, Whitehall V. Role of the serrated pathway in colorectal cancer pathogenesis.
Gastroenterology. 2010; 138(6):2088-100. [PubMed: 20420948]

Huang CS, Farraye FA, Yang S, O’Brien MJ. The clinical significance of serrated polyps. Am J
Gastroenterol. 2011; 106(2):229-40. [PubMed: 21045813]

Snover DC. Update on the serrated pathway to colorectal carcinoma. Hum Pathol. 2011; 42(1):1-
10. [PubMed: 20869746]

Snover, D.; Ahnen, DJ.; Burt, RW., et al. Serrated polyps of the colon and rectum and serrated
(“hyperplastic”) polyposis. In: Bozman, FT.; Carneiro, F.; Hruban, RH., et al., editors. WHO
classification of tumours. Pathology and genetics. Tumours of the digestive system. 4. Berlin:
Springer-Verlag; 2010.

Guyatt G, Gutterman D, Baumann MH, Addrizzo-Harris D, Hylek EM, Phillips B, et al. Grading
strength of recommendations and quality of evidence in clinical guidelines: report from an
american college of chest physicians task force. Chest. 2006; 129(1):174-81. [PubMed: 16424429]

. Torlakovic EE, Gomez JD, Driman DK, Parfitt JR, Wang C, Benerjee T, et al. Sessile serrated

adenoma (SSA) vs. traditional serrated adenoma (TSA). Am J Surg Pathol. 2008; 32(1):21-9.
[PubMed: 18162766]

Khalid O, Radaideh S, Cummings OW, O’Brien MJ, Goldblum JR, Rex DK. Reinterpretation of
histology of proximal colon polyps called hyperplastic in 2001. World J Gastroenterol. 2009;
15(30):3767-70. [PubMed: 19673017]

Glatz K, Pritt B, Glatz D, Hartmann A, O’Brien MJ, Blaszyk H. A multinational, internet-based
assessment of observer variability in the diagnosis of serrated colorectal polyps. Am J Clin Pathol.
2007; 127(6):938-45. [PubMed: 17509991]

Sandmeier D, Seelentag W, Bouzourene H. Serrated polyps of the colorectum: is sessile serrated
adenoma distinguishable from hyperplastic polyp in a daily practice? Virchows Arch. 2007;
450(6):613-8. [PubMed: 17450379]

Sheridan TB, Fenton H, Lewin MR, Burkart AL, lacobuzio-Donahue CA, Frankel WL, et al.
Sessile serrated adenomas with low- and high-grade dysplasia and early carcinomas: an
immunohistochemical study of serrated lesions “caught in the act”. Am J Clin Pathol. 2006;
126(4):564-71. [PubMed: 16938659]

Yantiss RK, Oh KY, Chen YT, Redston M, Odze RD. Filiform serrated adenomas: a
clinicopathologic and immunophenotypic study of 18 cases. Am J Surg Pathol. 2007; 31(8):1238-
45. [PubMed: 17667549]

Kim KM, Lee EJ, Kim YH, Chang DK, Odze RD. KRAS mutations in traditional serrated
adenomas from Korea herald an aggressive phenotype. Am J Surg Pathol. 2010; 34(5):667-75.
[PubMed: 20305537]

Pai RK, Mackinnon AC, Joseph L, Noffsinger A, Hart J. Identification of histologically distinct
conventional adenomas that arise predominately in patients with sessile serrated adenomas. Am J
Surg Pathol. 2010; 34(3):355-63. [PubMed: 20118768]

Ogino S, Stampfer M. Lifestyle factors and microsatellite instability in colorectal cancer: the
evolving field of molecular pathological epidemiology. J Natl Cancer Inst. 2010; 102(6):365-7.
[PubMed: 20208016]

Toyota M, Ahuja N, Ohe-Toyota M, Herman JG, Baylin SB, Issa JP. CpG island methylator
phenotype in colorectal cancer. Proc Natl Acad Sci U S A. 1999; 96(15):8681-6. [PubMed:
10411935]

Samowitz WS, Albertsen H, Herrick J, Levin TR, Sweeney C, Murtaugh MA, et al. Evaluation of a
large, population-based sample supports a CpG island methylator phenotype in colon cancer.
Gastroenterology. 2005; 129(3):837-45. [PubMed: 16143123]

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rex et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 16

Hawkins N, Norrie M, Cheong K, Mokany E, Ku SL, Meagher A, et al. CpG island methylation in
sporadic colorectal cancers and its relationship to microsatellite instability. Gastroenterology.
2002; 122(5):1376-87. [PubMed: 11984524]

Ogino S, Nosho K, Kirkner GJ, Kawasaki T, Meyerhardt JA, Loda M, et al. CpG island methylator
phenotype, microsatellite instability, BRAF mutation and clinical outcome in colon cancer. Gut.
2009; 58(1):90-6. [PubMed: 18832519]

Nosho K, Yamamoto H, Takamaru H, Hamamoto Y, Goto A, Yoshida Y, et al. A case of
colorectal carcinoma in adenoma analyzed by a cDNA array. Int J Colorectal Dis. 2005; 20(3):
287-91. [PubMed: 15490195]

Nagasaka T, Koi M, Kloor M, Gebert J, Vilkin A, Nishida N, et al. Mutations in both KRAS and
BRAF may contribute to the methylator phenotype in colon cancer. Gastroenterology. 2008;
134(7):1950-60. [PubMed: 18435933]

Rajagopalan H, Bardelli A, Lengauer C, Kinzler KW, Vogelstein B, Velculescu VE.
Tumorigenesis: RAF/RAS oncogenes and mismatch-repair status. Nature. 2002; 418(6901):934.
[PubMed: 12198537]

Kambara T, Simms LA, Whitehall VL, Spring KJ, Wynter CV, Walsh MD, et al. BRAF mutation
is associated with DNA methylation in serrated polyps and cancers of the colorectum. Gut. 2004;
53(8):1137-44. [PubMed: 15247181]

Weisenberger DJ, Siegmund KD, Campan M, Young J, Long TI, Faasse MA, et al. CpG island
methylator phenotype underlies sporadic microsatellite instability and is tightly associated with
BRAF mutation in colorectal cancer. Nat Genet. 2006; 38(7):787-93. [PubMed: 16804544]

Chan TL, Zhao W, Leung SY, Yuen ST. BRAF and KRAS mutations in colorectal hyperplastic
polyps and serrated adenomas. Cancer Res. 2003; 63(16):4878-81. [PubMed: 12941809]

Jass JR, lino H, Ruszkiewicz A, Painter D, Solomon MJ, Koorey DJ, et al. Neoplastic progression
occurs through mutator pathways in hyperplastic polyposis of the colorectum. Gut. 2000; 47(1):
43-9. [PubMed: 10861263]

Park SJ, Rashid A, Lee JH, Kim SG, Hamilton SR, Wu TT. Frequent CpG island methylation in
serrated adenomas of the colorectum. Am J Pathol. 2003; 162(3):815-22. [PubMed: 12598316]

Goldstein NS, Bhanot P, Odish E, Hunter S. Hyperplastic-like colon polyps that preceded
microsatellite-unstable adenocarcinomas. Am J Clin Pathol. 2003; 119(6):778-96. [PubMed:
12817424]

Velho S, Moutinho C, Cirnes L, Albuquerque C, Hamelin R, Schmitt F, et al. BRAF, KRAS and
PIK3CA mutations in colorectal serrated polyps and cancer: primary or secondary genetic events
in colorectal carcinogenesis? BMC Cancer. 2008; 8:255. [PubMed: 18782444]

O’Brien MJ, Yang S, Mack C, Xu H, Huang CS, Mulcahy E, et al. Comparison of microsatellite
instability, CpG island methylation phenotype, BRAF and KRAS status in serrated polyps and
traditional adenomas indicates separate pathways to distinct colorectal carcinoma end points. Am J
Surg Pathol. 2006; 30(12):1491-501. [PubMed: 17122504]

Kakar S, Deng G, Cun L, Sahai V, Kim YS. CpG island methylation is frequently present in
tubulovillous and villous adenomas and correlates with size, site, and villous component. Hum
Pathol. 2008; 39(1):30-6. [PubMed: 17950780]

Rashid A, Shen L, Morris JS, Issa JP, Hamilton SR. CpG island methylation in colorectal
adenomas. Am J Pathol. 2001; 159(3):1129-35. [PubMed: 11549606]

Yamauchi M, Morikawa T, Kuchiba A, Imamura Y, Qian ZR, Nishihara R, Liao X, Waldron L,
Hoshida Y, Huttenhower C, Chan AT, Giovannucci E, Fuchs CS, Ogino S. Assessment of
colorectal cancer molecular features along bowel subsites challenges the conception of distinct
dichotomy of proximal vs. distal colorectum. Gut. 2012; 61:847-854. [PubMed: 22427238]
Ngo NT, Tan E, Tekkis P, Peston D, Cohen P. Differential expression of p53 and p504s in
hyperplastic polyp, sessile serrated adenoma and traditional serrated adenoma. Int J Colorectal
Dis. 2010; 25(10):1193-200. [PubMed: 20640432]

Whitehall VL, Walsh MD, Young J, Leggett BA, Jass JR. Methylation of O-6-methylguanine
DNA methyltransferase characterizes a subset of colorectal cancer with low-level DNA
microsatellite instability. Cancer Res. 2001; 61(3):827-30. [PubMed: 11221863]

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rex et al.

50.

51.

52.

53.

54.

55.

56.

57

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 17

Ogino S, Kawasaki T, Kirkner GJ, Suemoto Y, Meyerhardt JA, Fuchs CS. Molecular correlates
with MGMT promoter methylation and silencing support CpG island methylator phenotype-low
(CIMP-low) in colorectal cancer. Gut. 2007; 56(11):1564—71. [PubMed: 17339237]

Clark JC, Collan Y, Eide TJ, Esteve J, Ewen S, Gibbs NM, et al. Prevalence of polyps in an
autopsy series from areas with varying incidence of large-bowel cancer. Int J Cancer. 1985; 36(2):
179-86. [PubMed: 4018911]

Correa P, Strong JP, Reif A, Johnson WD. Epidemiology of colorectal polyps - prevalence in New
Orleans and international comparisons. Cancer. 1977; 39(5):2258-64. [PubMed: 870171]

Eide TJ, Stalsberg H. Polyps of the large intestine in Northern Norway. Cancer. 1978; 42(6):2839—
48. [PubMed: 728878]

Jass JR, Young PJ, Robinson EM. Predictors of presence, multiplicity, size and dysplasia of
colorectal adenomas. A necropsy study in New Zealand. Gut. 1992; 33(11):1508-14. [PubMed:
1452076]

Johannsen LG, Momsen O, Jacobsen NO. Polyps of the large intestine in Aarhus, Denmark. An
autopsy study. Scand J Gastroenterol. 1989; 24(7):799-806. [PubMed: 2799283]

Stemmermann GN, Yatani R. Diverticulosis and polyps of the large intestine. A necropsy study of
Hawaii Japanese. Cancer. 1973; 31(5):1260-70. [PubMed: 4705166]

. Vatn MH, Stalsberg H. The prevalence of polyps of the large intestine in Oslo: an autopsy study.

Cancer. 1982; 49(4):819-25. [PubMed: 7055790]

Williams AR, Balasooriya BA, Day DW. Polyps and cancer of the large bowel: a necropsy study
in Liverpool. Gut. 1982; 23(10):835-42. [PubMed: 7117903]

Hassan C, Pickhardt PJ, Marmo R, Choi JR. Impact of lifestyle factors on colorectal polyp
detection in the screening setting. Dis Colon Rectum. 2010; 53(9):1328-33. [PubMed: 20706078]
Lieberman DA, Prindiville S, Weiss DG, Willett W, Group VACS. Risk factors for advanced
colonic neoplasia and hyperplastic polyps in asymptomatic individuals. JAMA. 2003; 290(22):
2959-67. [PubMed: 14665657]

Omata F, Brown WR, Tokuda Y, Takahashi O, Fukui T, Ueno F, et al. Modifiable risk factors for
colorectal neoplasms and hyperplastic polyps. Intern Med. 2009; 48(3):123-8. [PubMed:
19182421]

Provenzale D, Garrett JW, Condon SE, Sandler RS. Risk for colon adenomas in patients with
rectosigmoid hyperplastic polyps. Ann Intern Med. 1990; 113(10):760-3. [PubMed: 2240878]
Bariol C, Hawkins NJ, Turner JJ, Meagher AP, Williams DB, Ward RL. Histopathological and
clinical evaluation of serrated adenomas of the colon and rectum. Mod Pathol. 2003; 16(5):417—
23. [PubMed: 12748247]

DiSario JA, Foutch PG, Mai HD, Pardy K, Rao KM. Prevalence and malignant potential of
colorectal polyps in asymptomatic, average-risk men. Am J Gastroenterol. 1991; 86(8):941-5.
[PubMed: 1858757]

Hoffmeister M, Schmitz S, Karmrodt E, Stegmaier C, Haug U, Arndt V, et al. Male sex and
smoking have a larger impact on the prevalence of colorectal neoplasia than family history of
colorectal cancer. Clin Gastroenterol Hepatol. 2010; 8(10):870-6. [PubMed: 20670694]

Carr NJ, Mahajan H, Tan KL, Hawkins NJ, Ward RL. Serrated and non-serrated polyps of the
colorectum: their prevalence in an unselected case series and correlation of BRAF mutation
analysis with the diagnosis of sessile serrated adenoma. J Clin Pathol. 2009; 62(6):516-8.
[PubMed: 19126563]

Spring KJ, Zhao ZZ, Karamatic R, Walsh MD, Whitehall VL, Pike T, et al. High prevalence of
sessile serrated adenomas with BRAF mutations: a prospective study of patients undergoing
colonoscopy. Gastroenterology. 2006; 131(5):1400-7. [PubMed: 17101316]

Lu FI, van Niekerk de W, Owen D, Tha SP, Turbin DA, Webber DL. Longitudinal outcome study
of sessile serrated adenomas of the colorectum: an increased risk for subsequent right-sided
colorectal carcinoma. Am J Surg Pathol. 2010; 34(7):927-34. [PubMed: 20551824]

Pai RK, Hart J, Noffsinger AE. Sessile serrated adenomas strongly predispose to synchronous
serrated polyps in non-syndromic patients. Histopathology. 2010; 56(5):581-8. [PubMed:
20459568]

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rex et al.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Page 18

Higuchi T, Sugihara K, Jass JR. Demographic and pathological characteristics of serrated polyps of
colorectum. Histopathology. 2005; 47:32—-40. [PubMed: 15982321]

Gurudu SR, Heigh RI, De Petris G, Heigh EG, Leighton JA, Pasha SF, et al. Sessile serrated
adenomas: demographic, endoscopic and pathological characteristics. World J Gastroenterol.
2010; 16(27):3402-5. [PubMed: 20632442]

Lash RH, Genta RM, Schuler CM. Sessile serrated adenomas: prevalence of dysplasia and
carcinoma in 2139 patients. J Clin Pathol. 2010; 63(8):681—-6. [PubMed: 20547691]

Hetzel J, Huang CS, Coukos JA, Omstead K, Cerda SR, Yang S, O’Brien MJ, Farraye FA.
Variation in the detection of serrated polyps in an average risk colorectal cancer screening cohort.
Am J Gastroenterol. 2010; 105:2656—64. [PubMed: 20717107]

Sanaka M, Gohel T, Podugu A, Kiran PR, Thota PN, Lopez R, Church JM, Collins JW, Burke CA.
Quality indicators to enhance adenoma detection rate: should there be reconsideration of the
current standard? Gastrointest Endosc. 2011; 73:AB138.

Morimoto LM, Newcomb PA, Ulrich CM, Bostick RM, Lais CJ, Potter JD. Risk factors for
hyperplastic and adenomatous polyps: evidence for malignant potential? Cancer Epidemiol
Biomarkers Prev. 2002; 11(10 Pt 1):1012-8. [PubMed: 12376501]

Ji BT, Weissfeld JL, Chow WH, Huang WY, Schoen RE, Hayes RB. Tobacco smoking and
colorectal hyperplastic and adenomatous polyps. Cancer Epidemiol Biomarkers Prev. 2006; 15(5):
897-901. [PubMed: 16702367]

Paskett ED, Reeves KW, Pineau B, Albert PS, Caan B, Hasson M, et al. The association between
cigarette smoking and colorectal polyp recurrence (United States). Cancer Causes Control. 2005;
16(9):1021-33. [PubMed: 16184467]

Kearney J, Giovannucci E, Rimm EB, Stampfer MJ, Colditz GA, Ascherio A, et al. Diet, alcohol,
and smoking and the occurrence of hyperplastic polyps of the colon and rectum (United States).
Cancer Causes Control. 1995; 6(1):45-56. [PubMed: 7718735]

Martinez ME, McPherson RS, Levin B, Glober GA. A case-control study of dietary intake and
other lifestyle risk factors for hyperplastic polyps. Gastroenterology. 1997; 113(2):423-9.
[PubMed: 9247459]

Shrubsole MJ, Wu H, Ness RM, Shyr Y, Smalley WE, Zheng W. Alcohol drinking, cigarette
smoking, and risk of colorectal adenomatous and hyperplastic polyps. Am J Epidemiol. 2008;
167(9):1050-8. [PubMed: 18304959]

Schreiner MA, Weiss DG, Lieberman DA. Proximal and large hyperplastic and nondysplastic
serrated polyps detected by colonoscopy are associated with neoplasia. Gastroenterology. 2010;
139(5):1497-502. [PubMed: 20633561]

Wallace K, Grau MV, Ahnen D, Snover DC, Robertson DJ, Mahnke D, et al. The association of
lifestyle and dietary factors with the risk for serrated polyps of the colorectum. Cancer Epidemiol
Biomarkers Prev. 2009; 18(8):2310-7. [PubMed: 19661090]

Anderson JC, Rangasamy P, Rustagi T, Myers M, Sanders M, Vaziri H, et al. Risk factors for
sessile serrated adenomas. J Clin Gastroenterol. 2011; 45(8):694-9. [PubMed: 21325950]
Thiis-Evensen E, Hoff GS, Sauar J, Majak BM, Vatn MH. Flexible sigmoidoscopy or colonoscopy
as a screening modality for colorectal adenomas in older age groups? Findings in a cohort of the
normal population aged 63-72 years. Gut. 1999; 45(6):834-9. [PubMed: 10562581]

Lin OS, Gerson LB, Soon MS, Schembre DB, Kozarek RA. Risk of proximal colon neoplasia with
distal hyperplastic polyps: a meta-analysis. Arch Intern Med. 2005; 165(4):382-90. [PubMed:
15738366]

Li D, Jin C, McCulloch C, Kakar S, Berger BM, Imperiale TF, et al. Association of large serrated
polyps with synchronous advanced colorectal neoplasia. Am J Gastroenterol. 2009; 104(3):695—
702. [PubMed: 19223889]

Rondagh EJ, Masclee AA, Bouwens MW, Winkens B, Riedl RG, de Bruine AP, et al. Endoscopic
red flags for the detection of high-risk serrated polyps: an observational study. Endoscopy. 2011;
43(12):1052-8. [PubMed: 21971921]

Vu HT, Lopez R, Bennett A, Burke CA. Individuals with sessile serrated polyps express an
aggressive colorectal phenotype. Dis Colon Rectum. 2011; 54(10):1216-23. [PubMed: 21904135]

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rex et al.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

105.

106.

Page 19

Liljegren A, Lindblom A, Rotstein S, Nilsson B, Rubio C, Jaramillo E. Prevalence and incidence
of hyperplastic polyps and adenomas in familial colorectal cancer: correlation between the two
types of colon polyps. Gut. 2003; 52(8):1140-7. [PubMed: 12865272]

Liljegren A, Barker G, Elliott F, Bertario L, Bisgaard ML, Eccles D, et al. Prevalence of adenomas
and hyperplastic polyps in mismatch repair mutation carriers among CAPP2 participants: report by
the colorectal adenoma/carcinoma prevention programme 2. J Clin Oncol. 2008; 26(20):3434-9.
[PubMed: 18612159]

Rijcken FE, van der Sluis T, Hollema H, Kleibeuker JH. Hyperplastic polyps in hereditary
nonpolyposis colorectal cancer. Am J Gastroenterol. 2003; 98(10):2306-11. [PubMed: 14572584]

Andersen SH, Lykke E, Folker MB, Bernstein I, Holck S. Sessile serrated polyps of the colorectum
are rare in patients with Lynch syndrome and in familial colorectal cancer families. Fam Cancer.
2008; 7(2):157-62. [PubMed: 17929199]

Bensen SP, Cole BF, Mott LA, Baron JA, Sandler RS, Haile R. Colorectal hyperplastic polyps and
risk of recurrence of adenomas and hyperplastic polyps. Polyps Prevention Study. Lancet. 1999;
354(9193):1873-4. [PubMed: 10584726]

Laiyemo AO, Murphy G, Sanshury LB, Wang Z, Albert PS, Marcus PM, et al. Hyperplastic polyps
and the risk of adenoma recurrence in the polyp prevention trial. Clin Gastroenterol Hepatol. 2009;
7(2):192-7. [PubMed: 18849014]

Imperiale TF, Glowinski EA, Lin-Cooper C, Larkin GN, Rogge JD, Ransohoff DF. Five-year risk
of colorectal neoplasia after negative screening colonoscopy. N Engl J Med. 2008; 359(12):1218-
24. [PubMed: 18799558]

Croizet O, Moreau J, Arany Y, Delvaux M, Rumeau JL, Escourrou J. Follow-up of patients with
hyperplastic polyps of the large bowel. Gastrointest Endosc. 1997; 46(2):119-23. [PubMed:
9283860]

Qasim A, Muldoon C, McKiernan S. Colonic adenoma patients have higher incidence of
hyperplastic polyps on surveillance colonoscopy. Eur J Gastroenterol Hepatol. 2009; 21(8):877-
81. [PubMed: 19598329]

Huang EH, Whelan RL, Gleason NR, Maeda JS, Terry MB, Lee SW, et al. Increased incidence of
colorectal adenomas in follow-up evaluation of patients with newly diagnosed hyperplastic polyps.
Surg Endosc. 2001; 15(7):646-8. [PubMed: 11591960]

Lazarus R, Junttila OE, Karttunen TJ, Makinen MJ. The risk of metachronous neoplasia in patients
with serrated adenoma. Am J Clin Pathol. 2005; 123(3):349-59. [PubMed: 15716230]

. Teriaky A, Driman DK, Chande N. Outcomes of a 5-year follow-up of patients with sessile
serrated adenomas. Scand J Gastroenterol. 2012; 47(2):178-83. [PubMed: 22229626]

Yamauchi T, Watanabe M, Hasegawa H, Yamamoto S, Endo T, Kabeshima Y, et al. Serrated
adenoma developing into advanced colon cancer in 2 years. J Gastroenterol. 2002; 37(6):467—-70.
[PubMed: 12108682]

Oono Y, Fu K, Nakamura H, Iriguchi Y, Yamamura A, Tomino Y, et al. Progression of a sessile
serrated adenoma to an early invasive cancer within 8 months. Dig Dis Sci. 2009; 54(4):906-9.
[PubMed: 18688718]

Tanaka M, Kusumi T, Sasaki Y, Yamagata K, Ichinohe H, Nishida J, et al. Colonic intra-
epithelial carcinoma occurring in a hyperplastic polyp via a serrated adenoma. Pathol Int. 2001;
51(3):215-20. [PubMed: 11328539]

Garcia-Solano J, Perez-Guillermo M, Conesa-Zamora P, Acosta-Ortega J, Trujillo-Santos J,
Cerezuela-Fuentes P, et al. Clinicopathologic study of 85 colorectal serrated adenocarcinomas:
further insights into the full recognition of a new subset of colorectal carcinoma. Hum Pathol.
2010; 41(10):1359-68. [PubMed: 20594582]

Eide TJ. Prevalence and morphological features of adenomas of the large intestine in individuals
with and without colorectal carcinoma. Histopathology. 1986; 10(2):111-8. [PubMed: 3957251]
Messick CA, Church J, Casey G, Kalady MF. Identification of the methylator (serrated)
colorectal cancer phenotype through precursor serrated polyps. Dis Colon Rectum. 2009; 52(9):
1535-41. [PubMed: 19690479]

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rex et al.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Page 20

Hiraoka S, Kato J, Fujiki S, Kaji E, Morikawa T, Murakami T, et al. The presence of large
serrated polyps increases risk for colorectal cancer. Gastroenterology. 2010; 139(5):1503-10.
[PubMed: 20643134]

Hawkins NJ, Ward RL. Sporadic colorectal cancers with microsatellite instability and their
possible origin in hyperplastic polyps and serrated adenomas. J Natl Cancer Inst. 2001; 93(17):
1307-13. [PubMed: 11535705]

Nosho K, Kure S, Irahara N, Shima K, Baba Y, Spiegelman D, et al. A prospective cohort study
shows unique epigenetic, genetic, and prognostic features of synchronous colorectal cancers.
Gastroenterology. 2009; 137(5):1609-20. [PubMed: 19686742]

Church JM. Clinical significance of small colorectal polyps. Dis Colon Rectum. 2004; 47(4):481—
5. [PubMed: 14994108]

Waye JD, Bilotta JJ. Rectal hyperplastic polyps: now you see them, now you don’t--a differential
point. Am J Gastroenterol. 1990; 85(12):1557-9. [PubMed: 2252015]

Tadepalli US, Feihel D, Miller KM, Itzkowitz SH, Freedman JS, Kornacki S, etal. A
morphologic analysis of sessile serrated polyps observed during routine colonoscopy (with
video). Gastrointest Endosc. 2011; 74(6):1360-8. [PubMed: 22018553]

Rex DK. Update on colonoscopic imaging and projections for the future. Clin Gastroenterol
Hepatol. 2010; 8(4):318-21. [PubMed: 20026427]

Kimura T, Yamamoto E, Yamano HO, Suzuki H, Kamimae S, Nojima M, et al. A novel pit
pattern identifies the precursor of colorectal cancer derived from sessile serrated adenoma. Am J
Gastroenterol. 2012; 107(3):460-9. [PubMed: 22233696]

Harewood GC, Sharma VK, de Garmo P. Impact of colonoscopy preparation quality on detection
of suspected colonic neoplasia. Gastrointest Endosc. 2003; 58(1):76-9. [PubMed: 12838225]

Froehlich F, Wietlisbach V, Gonvers JJ, Burnand B, Vader JP. Impact of colonic cleansing on
quality and diagnostic yield of colonoscopy: the European Panel of Appropriateness of
Gastrointestinal Endoscopy European multicenter study. Gastrointest Endosc. 2005; 61(3):378—
84. [PubMed: 15758907]

Parra-Blanco A, Nicolas-Perez D, Gimeno-Garcia A, Grosso B, Jimenez A, Ortega J, et al. The
timing of bowel preparation before colonoscopy determines the quality of cleansing, and is a
significant factor contributing to the detection of flat lesions: a randomized study. World J
Gastroenterol. 2006; 12(38):6161-6. [PubMed: 17036388]

Kahi CJ, Hewett DG, Rex DK. Relationship of non-polypoid colorectal neoplasms to quality of
colonoscopy. Gastrointest Endosc Clin N Am. 2010; 20(3):407-15. [PubMed: 20656239]

Kahi CJ, Hewett DG, Norton DL, Eckert GJ, Rex DK. Prevalence and variable detection of
proximal colon serrated polyps during screening colonoscopy. Clin Gastroenterol Hepatol. 2011;
9(1):42-6. [PubMed: 20888435]

van Rijn JC, Reitsma JB, Stoker J, Bossuyt PM, van Deventer SJ, Dekker E. Polyp miss rate
determined by tandem colonoscopy: a systematic review. Am J Gastroenterol. 2006; 101(2):343-
50. [PubMed: 16454841]

Rex DK, Bond JH, Winawer S, Levin TR, Burt RW, Johnson DA, et al. Quality in the technical
performance of colonoscopy and the continuous quality improvement process for colonoscopy:
recommendations of the U.S. Multi-Society Task Force on Colorectal Cancer. Am J
Gastroenterol. 2002; 97(6):1296-308. [PubMed: 12094842]

Kahi CJ, Li X, Eckert GJ, Rex DK. High colonoscopic prevalence of proximal colon serrated
polyps in average-risk men and women. Gastrointest Endosc. 2011

Chen SC, Rex DK. Variable detection of nonadenomatous polyps by individual endoscopists at
colonoscopy and correlation with adenoma detection. J Clin Gastroenterol. 2008; 42(6):704-7.
[PubMed: 18496392]

Ellis K, Shiel M, Marquis S, Katon R. Efficacy of hot biopsy foreceps, cold micro-snare and
microsnare with cautery techniques in the removal of diminutive colonic polyps [abstract].
Gastrointest Endosc. 1997; 45:AB107.

Snover, D.; Ahnen, DJ.; Burt, RW.; Odze, RD. Serrated polyps of the colon and rectum and
serrated polyposis. In: Bosman, FT.; Carneiro, F.; Hruban, RH.; Theise, ND., editors. WHO
Classification of Tumours of the Digestive System. LYON: IARC; 2010. p. 160-5.

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rex et al.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Page 21

Boparai KS, Mathus-Vliegen EM, Koornstra JJ, Nagengast FM, van Leerdam M, van Noesel CJ,
et al. Increased colorectal cancer risk during follow-up in patients with hyperplastic polyposis
syndrome: a multicentre cohort study. Gut. 2010; 59(8):1094-100. [PubMed: 19710031]

Carvajal-Carmona LG, Howarth KM, Lockett M, Polanco-Echeverry GM, Volikos E, Gorman M,
et al. Molecular classification and genetic pathways in hyperplastic polyposis syndrome. J Pathol.
2007; 212(4):378-85. [PubMed: 17503413]

Kalady MF, Jarrar A, Leach B, Laguardia L, O’Malley M, Eng C, et al. Defining phenotypes and
cancer risk in hyperplastic polyposis syndrome. Dis Colon Rectum. 2011; 54(2):164-70.
[PubMed: 21228663]

English DR, Young JP, Simpson JA, Jenkins MA, Southey MC, Walsh MD, et al. Ethnicity and
risk for colorectal cancers showing somatic BRAF V600E mutation or CpG island methylator
phenotype. Cancer Epidemiol Biomarkers Prev. 2008; 17(7):1774-80. [PubMed: 18628431]
Yeoman A, Young J, Arnold J, Jass J, Parry S. Hyperplastic polyposis in the New Zealand
population: a condition associated with increased colorectal cancer risk and European ancestry. N
Z Med J. 2007; 120(1266):U2827. [PubMed: 18264196]

Minoo P, Baker K, Goswami R, Chong G, Foulkes WD, Ruszkiewicz AR, et al. Extensive DNA
methylation in normal colorectal mucosa in hyperplastic polyposis. Gut. 2006; 55(10):1467-74.
[PubMed: 16469793]

Chow E, Lipton L, Lynch E, D’Souza R, Aragona C, Hodgkin L, et al. Hyperplastic polyposis
syndrome: phenotypic presentations and the role of MBD4 and MYH. Gastroenterology. 2006;
131(1):30-9. [PubMed: 16831587]

Ferrandez A, Samowitz W, DiSario JA, Burt RW. Phenotypic characteristics and risk of cancer
development in hyperplastic polyposis: case series and literature review. Am J Gastroenterol.
2004; 99(10):2012-8. [PubMed: 15447765]

Hyman NH, Anderson P, Blasyk H. Hyperplastic polyposis and the risk of colorectal cancer. Dis
Colon Rectum. 2004; 47(12):2101-4. [PubMed: 15657661]

Leggett BA, Devereaux B, Biden K, Searle J, Young J, Jass J. Hyperplastic polyposis: association
with colorectal cancer. Am J Surg Pathol. 2001; 25(2):177-84. [PubMed: 11176066]

Rubio CA, Stemme S, Jaramillo E, Lindblom A. Hyperplastic polyposis coli syndrome and
colorectal carcinoma. Endoscopy. 2006; 38(3):266-70. [PubMed: 16528654]

Lage P, Cravo M, Sousa R, Chaves P, Salazar M, Fonseca R, et al. Management of Portuguese
patients with hyperplastic polyposis and screening of at-risk first-degree relatives: a contribution
for future guidelines based on a clinical study. Am J Gastroenterol. 2004; 99(9):1779-84.
[PubMed: 15330918]

Rashid A, Houlihan PS, Booker S, Petersen GM, Giardiello FM, Hamilton SR. Phenotypic and
molecular characteristics of hyperplastic polyposis. Gastroenterology. 2000; 119(2):323-32.
[PubMed: 10930367]

Boparai KS, Reitsma JB, Lemmens V, van Os TA, Mathus-Vliegen EM, Koornstra JJ, et al.
Increased colorectal cancer risk in first-degree relatives of patients with hyperplastic polyposis
syndrome. Gut. 2010; 59(9):1222-5. [PubMed: 20584785]

Winawer SJ, Zauber AG, Fletcher RH, Stillman JS, O’Brien MJ, Levin B, et al. Guidelines for
colonoscopy surveillance after polypectomy: a consensus update by the US Multi-Society Task
Force on Colorectal Cancer and the American Cancer Society. Gastroenterology. 2006; 130(6):
1872-85. [PubMed: 16697750]

Cairns SR, Scholefield JH, Steele RJ, Dunlop MG, Thomas HJ, Evans GD, et al. Guidelines for
colorectal cancer screening and surveillance in moderate and high risk groups (update from
2002). Gut. 2010; 59(5):666—89. [PubMed: 20427401]

Teriaky A, Driman DK, Chande N. Outcomes of a 5-year follow-up of patients with sessile
serrated adenomas. Scand J Gastroenterol. 2012

Terdiman JP, McQuaid KR. Surveillance guidelines should be updated to recognize the
importance of serrated polyps. Gastroenterology. 2010; 139(5):1444-7. [PubMed: 20875785]
Aust DE, Baretton GB. Serrated polyps of the colon and rectum (hyperplastic polyps, sessile
serrated adenomas, traditional serrated adenomas, and mixed polyps)-proposal for diagnostic
criteria. Virchows Arch. 2010; 457(3):291-7. [PubMed: 20617338]

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rex et al.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Page 22

Snover DC. Maximizing the value of the endoscopist-pathologist partnership in the management
of colorectal polyps and carcinoma. Gastrointest Endosc Clin N Am. 2010; 20(4):641-57.
[PubMed: 20889069]

Baxter N, Sutradhar R, Forbes DD, Paszat LF, Saskin R, Rabeneck L. Analysis of administrative
data finds endoscopist quality measures asociated with post-colonoscopy colorectal cancer.
Gastroenterology. 2011; 140:65-72. [PubMed: 20854818]

Singh H, Nugent Z, Demers AA, Kliewer EV, Mahmud SM, Bernstein CN. The reduction in
colorectal cancer mortality after colonoscopy varies by site of the cancer. Gastroenterology.
2010; 139(4):1128-37. [PubMed: 20600026]

Barclay RL, Vicari JJ, Doughty AS, Johanson JF, Greenlaw RL. Colonoscopic withdrawal times
and adenoma detection during screening colonoscopy. N Engl J Med. 2006; 355(24):2533-41.
[PubMed: 17167136]

Chen SC, Rex DK. Endoscopist can be more powerful than age and male gender in predicting
adenoma detection at colonoscopy. Am J Gastroenterol. 2007; 102(4):856—61. [PubMed:
17222317]

Kaminski MF, Regula J, Kraszewska E, Polkowski M, Wojciechowska U, Didkowska J, et al.
Quality indicators for colonoscopy and the risk of interval cancer. N Engl J Med. 2010; 362(19):
1795-803. [PubMed: 20463339]

Pabby A, Schoen RE, Weissfeld JL, Burt R, Kikendall JW, Lance P, et al. Analysis of colorectal
cancer occurrence during surveillance colonoscopy in the Dietary Polyp Prevention Trial.
Gastrointest Endosc. 2005; 61(3):385-91. [PubMed: 15758908]

Sawhney MS, Farrar WD, Gudiseva S, Nelson DB, Lederle FA, Rector TS, et al. Microsatellite
instability in interval colon cancers. Gastroenterology. 2006; 131(6):1700-5. [PubMed:
17087932]

Arain MA, Sawhney M, Sheikh S, Anway R, Thyagarajan B, Bond JH, et al. CIMP status of
interval colon cancers: another piece to the puzzle. Am J Gastroenterol. 2010; 105(5):1189-95.
[PubMed: 20010923]

Baxter NN, Goldwasser MA, Paszat LF, Saskin R, Urbach DR, Rabeneck L. Association of
colonoscopy and death from colorectal cancer. Ann Intern Med. 2009; 150(1):1-8. [PubMed:
19075198]

Brenner H, Chang-Claude J, Seiler CM, Rickert A, Hoffmeister M. Protection from colorectal
cancer after colonoscopy: a population-based, case-control study. Ann Intern Med. 2011; 154(1):
22-30. [PubMed: 21200035]

Yamauchi M, Lochhead P, Morikawa T, Huttenhower C, Chan AT, Giovannucci E, Fuchs CS,
Ogino S. Colorectal cancer: a tale of two sides or a continuum? Gut. 2012; 61(6):794-7.
[PubMed: 22490520]

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



Rex et al. Page 23

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



duasnuely Joyiny vVd-HIN 1duosnuey JoyIny vd-HIN

duasnuely Joyiny vd-HIN

Rex et al.

Page 24

Figure 1.

Photomicrographs of hyperplastic polyps. (a) Microvesicular hyperplastic polyp (MVHP).
The crypts and surface epithelium show a luminal serrated or saw-toothed contour more
prominent in the upper levels of the crypts than at the base. The epithelial layer is composed
of cells with goblet cell differentiation and others with microvesicular cytoplasmic mucin.
(b) Goblet cell hyperplastic polyp. In contrast to MVVHP, this polyp shows a much less
pronounced serrated or saw-toothed luminal epithelial growth pattern and shows a
preponderance of goblet cells and an absence of cells with microvesicular mucin. The crypts
are straight, linear, and without architectural distortion. (c) Mucin poor hyperplastic polyp.
The overall configuration of this polyp is similar to the microvesicular hyperplastic polyp
but the cells are mucin depleted. The nuclei also are more hyperchromatic than the MVHP.
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Figure 2.

Photomicrograph of sessile serrated adenoma/polyps. (a) A sessile serrated adenoma/polyp
showing a hyperserrated luminal epithelial growth pattern more pronounced that in
microvesicular hyperplastic polyps. In addition, the crypts show luminal dilation towards the
bases of the crypts, some crypts show horizontal growth along the long axis of the
muscularis mucosa (arrow). Goblet cells are present at all levels of the crypts, some of
which are dystrophic. Mitotic figures are easily recognized, and located predominantly in
the basal aspects of the crypts. (b) Sessile serrated adenoma/polyp with cytological
dysplasia. The portion of the polyp without cytological dysplasia on the left shows cells with
uniform nuclei without pseudostratification. The cytologically dysplastic portion on the right
(arrows) show hyperchromatic pseudostratified nuclei with numerous mitoses.

Am J Gastroenterol. Author manuscript; available in PMC 2013 September 01.



Page 26

Rex et al.

Figure 3.
Traditional serrated adenoma. This polyp is composed of villiform projections of

hypereosinophilic cells with small oval-shaped nuclei oriented basally along the basement
membrane. The cells are growing in a hyperserrated luminal contour. Multiple ectopic
crypts are present. These are composed of crypts oriented perpendicular to the long axis of
the villi. Overall, goblet cells are decreased in number.
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Figure 4.
A schematic representation of the putative development of CIMP-high CRCs with
microsatellite instability through a serrated pathway via methylation of the MLHI gene.
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Figure5.

Both sessile serrated adenoma/polyps and hyperplastic polyps in the proximal colon may
demonstrate a “mucus cap,” which may be yellow, green or rust-colored in white light (a)
and red in narrow-band imaging (b).
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Figure®6.

Typical serrated lesions in the proximal colon. a—d. A sessile serrated adenoma/polyp in the
cecum. Note the adherent mucus in white light (a) and with narrow-band imaging (b). After
removal of the cap by washing the characteristics surface features are seen in white light (c)
and narrow-band imaging (d), including indistinct edges, color similar to the surrounding
normal mucosa, and a paucity of blood vessels. e-h. A flat sessile serrated adenoma/polyp in
the transverse colon, with the mucus cap in white light (e) and narrow-band imaging (f) and
with the cap washed off in white light (g) and blue light (h). Note the subtlety of the lesion
after the cap is washed off.
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Figure7.

The risk of developing colorectal cancers through the serrated pathway parallels the number,
size, type, and anatomic distribution of the serrated polyps.
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Table 1

Pathologic classification of serrated colorectal polyps recommended by the World Health Organization

. Hyperplastic polyp
° Sessile serrated adenoma/polyp *
—  With or without cytological dysplasia

. Traditional serrated adenoma

The terms

*
"Sessile serrated adenoma” and “sessile serrated polyp” are considered synonymous
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Table 2

Key conclusions and recommendations of the consensus group ™

Pathology
1

Endoscopy
5

Surveillance

8

10

Serrated lesions of the colorectum should be classified histologically as hyperplastic polyp (HP), sessile serrated adenoma/polyp
(SSA/P) with or without cytologic dysplasia, or traditional serrated adenoma (TSA). Exceptions and subcategories are discussed in
the text. Clinicians and pathologists within institutions should work collaboratively to achieve a common usage and understanding
of terminology of serrated lesions.

SSA/P and TSA are pre-cancerous lesions. SSA/P is the principal precursor of hypermethylated colorectal cancers (cancers with
the CpG Island Methylator Phenotype — CIMP). This pathway occurs primarily in the proximal colon.

SSA/P is distinguished from HP pathologically by findings of crypt distortion, particularly in the crypt base, in SSA/P. We
recommend that a single unequivocal architecturally distorted, dilated, and/or horizontally branched crypt, particularly if it is
associated with inverted maturation, is sufficient for a diagnosis of SSA/P. Most large serrated lesions in the proximal colon are
SSAI/Ps.

SSA/P with cytological dysplasia is a more advanced lesion in the progression to cancer compared to SSA/P without cytological
dysplasia.

SSA/P and hyperplastic polyps in the proximal colon have a distinct endoscopic appearance, which includes a “mucus cap”, color
usually similar to normal mucosa, and indistinct edges. All colonoscopists should be able to recognize serrated lesions.

Detection of proximal colon serrated lesions by individual endoscopists is highly correlated with adenoma detection. Pending
development of specific detection targets for proximal colon serrated lesions, endoscopists should measure their adenoma
detection rates as a check on adequate detection of serrated lesions.

All serrated lesions proximal to the sigmoid colon should be fully resected during colonoscopy. All serrated lesions in the
rectosigmoid colon > 5 mm in size should be fully resected.

Serrated polyposis is defined by the World Health Organization (see text for details). Patients with serrated polyposis require close
endoscopic follow-up with control of polyp burden by endoscopy or by surgical resection if the number, size or location of
serrated polyps precludes endoscopic resection or if a cancer is diagnosed.

First degree relatives of patients with SPS should undergo colonoscopy at age 40 or 10 years before the age at diagnosis of SPS.
Colonoscopy should be at 5 year intervals or more often if polyps are found.

There are few longitudinal observational studies after removal of serrated lesions on which recommendations for post-
polypectomy surveillance can be based. Recommendations are mostly based on features of serrated lesions for which there is
evidence of an association with increased risk of cancer or advanced neoplasms, including: proximal colon location, large size,
increasing number, and histologic features including SSA/P histology (see text and Table 5, Figure 7 for details).

*
Clinical recommendations made here are considered strong by the panel, but are supported by low quality or very low quality evidence, and are
likely to change when higher quality evidence becomes available.
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Table 5

Consensus opinion surveillance intervals after endoscopic resection of serrated lesions”*

Histology Size Number L ocation Interval in years
HP <10 mm any number rectosigmoid 107

HP <5mm <3 proximal to sigmoid | 10

HP any >4 proximal to sigmoid | 5

HP >5mm >1 proximal to sigmoid | 5

SSA/P or TSA <10mm | <3 any 5

SSA/P or TSA >10mm | 1 any 3

SSA/P or TSA <10mm | =23 any 3

SSA/P >210mm | =2 any 137

SSA/P w/dysplasia | any any 1-37*

The interval recommendations presented here represent consensus opinion based on low quality or very low quality evidence. They are likely to
change as higher quality evidence becomes available, and alternatives may be equally reasonable.

*
Patients with > 20 HPs in the rectosigmoid meet the World Health Organization definition of serrated polyposis if there are additional serrated
lesions proximal to the sigmoid.

Ak
Some panel members follow a policy of 5 years if there are multiple HPs 6-9mm in size in the rectosigmoid.

Ak
Patients with 2 or more serrated polyps = 10 mm in the proximal colon meet the World Health Organization criteria for serrated polyposis if 3

additional serrated lesions of any size are proximal to the sigmoid are identified.

Ak Ak
SSA/P with cytological dysplasia is a more advanced lesion than SSA/P. Depending on the size of the lesion, the confidence in complete

endoscopic resection, and other associated lesions, intervals shorter than 3 years may be appropriate.

+
Grade: see definitions of grade recommendations in Table 3.

Note 1: Patients with both significant serrated polyp findings and concurrent adenomas may be at a more advanced stage in the progression toward
cancer. Closer follow up may be indicated in some cases based on clinical judgment.

Note 2: In general, these recommendations for surveillance are for the first follow up. For findings with short follow up recommendations, a longer
subsequent follow up interval may be appropriately applied when a follow up exam shows improvement in findings, i.e. reductions in the number,
size, and/or histologic severity of lesions.

Note 3: Because of interobserver variation in the pathologic differentiation of HP from SSA/P, proximal colon serrated lesions > 10 mm in size that
are designated HP may be considered to be SSA/P by clinicians.
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